Purpose-Data from the Collaborative Study on the Genetics of Alcoholism (COGA), a high-risk family study of alcohol dependence, were used to examine differences in alcohol diagnostic criteria endorsement and psychiatric and drug use disorders by gender and by number of DUI offenses.
Introduction
Women represent an increasing proportion of individuals arrested for driving under the influence of alcohol (DUI). In the ten years from 1997 to 2006, arrests of men for DUI decreased 6% nationally, while arrests of women increased 29%; for women under age 18 arrests increased by 39% (Federal Bureau of Investigation, 2006) . This trend, combined with evidence that the gender gap in alcohol dependence is closing (Grucza, Bucholz, Rice, & Bierut, 2008; Holdcraft & Iacono, 2002; Keyes, Grant, & Hasin, 2008) , demonstrates the increasing risk for alcohol dependence and alcohol-related behaviors among women and highlights the need for research on women's alcohol problems (Smith & Weisner, 2000) . Careful examination of gender differences in DUI samples can suggest areas for improved treatment for women with DUIs or, more broadly, for women with severe alcohol dependence.
During the last decade, several studies have documented the prevalence of alcohol, drug, and psychiatric disorders among women and men with DUIs and have found that DUI offenders more closely resemble a clinical than a population-based sample ). Female and male DUI offenders from court-referred screening ) and treatment programs (Laplante, Nelson, Odegaard, Labrie, & Shaffer, 2008; Lapham, C'de Baca, McMillan, & Lapidus, 2006) have high rates of alcohol and drug use disorders. In a sample of first-time DUI offenders, 85% of women and 91% of men met lifetime criteria for alcohol abuse or dependence five years after participation in a screening program for alcohol problems , and co-occurring drug and psychiatric disorders were common. Of those with an alcohol use disorder, 37% of women and 42% of men also met lifetime criteria for drug abuse or dependence, and 50% of women and 33% of men met criteria for a non-substance psychiatric disorder ).
Women are less likely than men to be repeat DUI offenders (C' de Baca, et al., 2001; Lapham, Skipper, Hunt, & Chang, 2000; Lapham, Skipper, & Simpson, 1997; Wells-Parker, Pang, Anderson, McMillen, & Miller, 1991) , making it difficult to obtain samples with sufficient numbers of women to examine gender differences in recidivists. One of the first studies to do so selected consecutive female referrals to a screening program for first-time DUI offenders, frequency matched males to females by date of referral to obtain similar numbers of male and female offenders, and examined predictors of re-arrest within 5 years, including drug use, alcohol problems in a parent or spouse, physical or sexual abuse, treatment referral and completion, and scores on an alcohol screen (Lapham, Skipper, Hunt, & Chang, 2000) . The only gender-specific predictor of re-arrest within five years was age; men, but not women, who were younger at the initial screening were more likely to re-offend (Lapham et al., 2000) . Similarly, while there is sharp evidence for differences in the course of alcohol abuse and dependence in community samples (Dawson, Grant, & Ruan, 2005; Edens, Glowinski, Grazier, & Bucholz, 2008; Harford, Grant, Yi, & Chen, 2005) , studies using treatment or high-risk samples do not find many such differences (Schuckit, Anthenelli, Bucholz, Hesselbrock, & Tipp, 1995; Schuckit, Daeppen, Tipp, Hesselbrock, & Bucholz, 1998) . These two sets of findings suggest that, once a severity threshold for alcohol use disorder is reached, gender plays an insubstantial role.
More recent studies, however, have found evidence of greater severity of alcohol dependence and psychiatric comorbidity among female than male repeat DUI offenders. While female firsttime offenders have lower rates of alcohol dependence than males , higher rates of dependence have been found among female than male recidivists (Lapham et al., 2006; Laplante et al., 2008) . In a treatment program to reduce DUI recidivism, more women (72%) than men (50%) met lifetime criteria for alcohol dependence and non-substance psychiatric disorders (80% versus 65%), both significant gender differences (Lapham et al., 2006) . In addition, 69% of women and 71% of men had abused or been dependent on at least one illicit drug (Lapham et al., 2006) . A recent study of repeat DUI offenders who selected a treatment program in lieu of incarceration found a greater prevalence of alcohol dependence and non-substance psychiatric lifetime comorbidity among women than men (Laplante et al., 2008) . The high rates of disorder among individuals with histories of one or more DUIs suggest that samples selected for histories of DUI are well suited to provide information on alcohol use disorders at the severe end of the alcohol use spectrum. Further, evidence for greater severity among women than men in this population suggests that women who commit DUIs may be particularly severely affected.
Arrests for DUI are a rare occurrence. Only 1% of the driving public reports being arrested for DUI, and more than twice as many males as females are arrested (National Highway Traffic Safety Administration, 2003) . Recruiting participants from court-referred DUI treatment settings is thus an efficient method of obtaining sufficient sample sizes for study. However, women are under-represented in DUI samples due to their lower arrest rates relative to men (National Highway Traffic Safety Administration, 2003; Federal Bureau of Investigation, 2006) , and fewer women than men are referred by the courts to treatment after a first DUI arrest (Lapham et al., 2000) . Furthermore, under-reporting of alcohol symptoms is common in such settings due to concerns about legal complications (Lapham et al., 2004) . Individuals with histories of DUI who were not recruited from mandated screening or treatment might be more likely provide accurate symptom estimates than court-referred samples. A population-based sample large enough to capture a sufficient number of DUI offenders for analysis would provide the least biased estimates. The National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) is one large study that has good data on alcohol and drug use and psychiatric disorders. Surprisingly, although it contains questions about drinking and driving (Chou et al., 2006) , it does not include an item about DUI arrest. An alternate sampling strategy is to use data from samples at high risk for alcohol dependence, which would likely have elevated rates of DUI relative to population-based samples, but which are not recruited from mandated treatment settings. The Collaborative Study on the Genetics of Alcoholism (COGA) is one such high-risk study. We used COGA data, in which 29% of men and 8% of women reported at least one DUI arrest, to examine gender differences in alcohol criteria endorsement, lifetime prevalence of non-substance psychiatric disorders, and illicit drug use and dependence for individuals who reported none, one, two, or three or more DUIs. We anticipated that examining gradations of disorder within a combination of two high-risk indicators, DUI and family vulnerability, might provide useful information for clinical research about individuals with chronic and severe alcohol problems. In addition, any gender differences found in this high-risk sample were expected to contribute to the literature on alcohol dependence among women at the more severe end of the alcohol dependence spectrum.
Methods

Study and sample
The Collaborative Study on the Genetics of Alcoholism (COGA) is a family study of alcohol dependence which includes 6 subject recruitment centers across the United States (Farmington, CT; Brooklyn, NY; Indianapolis; IN, St. Louis, MO; Iowa City, IA; and San Diego, CA). Probands were recruited from treatment settings and were required to meet criteria for DSM-III-R (American Psychiatric Association, 1987) alcohol dependence and Feighner definite alcoholism (Feighner et al., 1972) . Probands were also required to have at least two first-degree relatives living in one of the COGA catchment areas who were available for the study. All firstdegree relatives of probands were sought for interview during the initial phase of the study. Siblings of probands are the focus of the current study. The institutional review board at each site approved the protocol, and written informed consent was obtained from all subjects.
Additional details about the study have been published elsewhere (Bucholz et al., 1996; Culverhouse et al., 2005; Nurnberger et al., 2004; Reich, 1996; Schuckit et al., 1998) .
The sample used in this analysis comprised 1289 male and 1425 female siblings of probands who participated in the COGA protocol during the first or second phase of data collection, which occurred approximately 5 years apart. The mean age (SD) at the first interview was 36.0 (9.1) and at the second interview was 41. 3 (8.8) . Fifty-one percent of the sample participated in both phases, 41% in Phase 1 only, and 8% in Phase 2 only. Individuals were coded as positive for an alcohol-related behavior, including DUI arrest, if they reported it in either the Phase 1 or Phase 2 interview, and for a psychiatric or drug use disorder if they met criteria at either interview. Individuals who participated in Phase 2 endorsed more alcohol criteria than those who participated in Phase 1 only. Our analysis was adjusted for this difference in severity as described below in statistical methods.
Assessment
All subjects participated in an interview developed specifically for COGA, the Semi-Structured Assessment for the Genetics of Alcoholism (SSAGA; Bucholz et al., 1994; Bucholz et al., 1995; Hesselbrock, Easton, Bucholz, Schuckit, & Hesselbrock, 1999) . The SSAGA is a comprehensive psychiatric interview that was designed to accommodate several diagnostic systems, including DSM-III-R (American Psychiatric Association, 1987), DSM-IV (American Psychiatric Association, 1994), ICD-10 (World Health Organization, 1993) , and Feighner alcohol diagnostic criteria (Feighner et al., 1972) . It includes assessments for alcohol and drug use and dependence, major depression, panic disorder, posttraumatic stress disorder, conduct disorder, and antisocial personality disorder. Because DSM-IV criteria were not yet published at the time of the first stage of data collection, and because we combined data from phases 1 and 2 for this analysis, we based our dichotomous alcohol dependence, psychiatric disorder, and drug dependence variables on DSM-III-R criteria. For alcohol diagnostic criteria (Table  2) , we utilized DSM-III-R and Feighner criteria. All demographic data were based on the most recent interview, with 59% of participants having data from Stage 2 and 41% having data from Stage 1 only.
The DUI variable was based on the question "Have you ever been arrested for drunk driving?" which was asked during the alcohol section of the interview. Respondents also reported their age at first DUI arrest and the number of times they had been arrested for DUI. More men than women reported one (M: 14%, F: 5%), two (M: 6%, F: 2%), and three or more DUIs (M: 8%, F: 1%). Of the 1248 individuals for whom we had DUI information from both stages, 92% were consistent in their DUI reports, 6% reported a first DUI between stages, and 2% reported a DUI at Stage 1 but not at Stage 2 (kappa=.82, 95% CI=.78-.85). Because this was a crosssectional analysis based on lifetime reports, we did not correct for the 2% who were inconsistent in their reports.
Statistical methods
Our dependent variable was a 4-level variable comprising individuals reporting none, one (1), two (2), and three or more (3+) DUIs. We chose this categorization based on the higher observed rates of alcohol dependence, drug use and psychiatric disorders among repeat offenders (Lapham et al., 2006) than first-time offenders ). Associations of demographic, alcohol, drug, and psychiatric variables with DUI status were tested using multinomial logistic regression, with the no DUI category as the reference group. All regressions included control variables for gender (since women [7.9%] were less likely than men [28.8%, p<.01] to report DUIs) and for stage participation, since individuals who participated in Stage 2 endorsed a greater number of alcohol dependence criteria items than individuals who participated only in Stage 1 (M[sd]=6.9 [6.9] vs. 4.6 [5.6], p<.01). When cell sizes for the 2 and 3+ DUI categories were too small to permit analysis the categories were combined to form a 2+ DUI category. Interactions of gender with each variable were tested. When there was a trend for a gender interaction (p≤.10), results were reparameterized using an equivalent model (i.e., same number of parameters) and were reported separately by gender to enable direct comparison of risk ratios for males and females. Differences between the 1, 2, and 3+ DUI groups were determined using post-hoc Wald tests, the results of which are reported in tables. We used a p-value of .05 for all tests of significance except for interaction terms, as noted above. All regressions were corrected for familial clustering using the Huber-White robust variance estimator in the Stata statistical program (Stata Corporation, 2004 ).
Results
DUI, demographic, and alcohol use characteristics
Demographic and alcohol use characteristics of the sample are presented in Table 1 for individuals with none, 1, 2, and 3+ DUIs. The majority of individuals with no DUIs were women, and increasingly small proportions of the 1 (29%), 2 (23%), and 3+ DUI categories (12%) were female. Individuals with 3+ DUIs, compared to those with 1 or 2, had less education and a lower family income. Individuals with 2 or 3+ DUIs, compared to those with 1 only, were more likely to have obtained a general equivalency diploma (GED) and less likely to be currently employed.
Rates of lifetime alcohol dependence were higher and age at regular drinking and at onset of alcohol dependence was lower in each successive DUI category. Men with 3+ DUIs had an earlier age at first DUI than men with fewer DUIs; this was not true of women. The number of DUIs among men with 3+ DUIs was higher than among similar women (M[sd]=men: 4.5 [2.6]; women: 3.4 [0.8], p<.001). The number of alcohol dependence criteria endorsed increased in each successive DUI category for men whereas for women the number endorsed was similar in the 2 and 3+ DUI categories.
Alcohol symptom endorsement
Women with DUIs endorsed several indicators of behavioral and physiological dependence more frequently than men (Table 2 ). Women with 2 or 3+ DUIs, compared to women with none, were more likely than similar men to report getting drunk contrary to promises, wanting to quit, unsuccessful attempts to stop drinking, spending lots of time drinking or recovering from drinking, and drinking when on medications. Women with 1, 2, and 3+ DUIs also reported more marital and family problems due to drinking and drinking despite psychological problems than women with no DUIs, compared to similar men. Women with just 1 DUI reported more work or school problems and continuing to drink despite illness or health problems than women with none, compared to men. Regarding physiological criteria, women with 2 or 3+ DUIs were more likely to report withdrawal than men, and women with 1 DUI reported more alcoholrelated seizures than men. Each of the gender differences was due to a greater divergence of women with DUIs from women with none, compared to men. Only one item, drinking to relieve seizures, failed to differentiate individuals with 2 or 3+ DUIs from those with 1. Several items (e.g., work problems, tolerance) differentiated men with 2 or 3+ DUIs from men with 1 only but did not differentiate similar women, although a pattern of greater endorsement among women with multiple DUIs was apparent.
Psychiatric disorders
The lifetime prevalence of psychiatric disorders by DUI category is presented in Table 3 . Rates of lifetime disorder were high across all DUI categories, compared with national prevalence surveys (Kessler et al., 2005; Kessler et al.,1994) , and only a few differences between categories were observed. Men with 3+ DUIs were more likely to meet criteria for any disorder than men with 1 or 2 DUIs; among women this difference was not statistically significant. Rates of lifetime depression were higher among women with 2 or 3+ DUIs than women with 1 DUI only. Men with 3+ DUIs had higher rates of conduct and antisocial personality disorders than men with 1 or 2 DUIs. The most striking gender difference was for antisocial personality disorder, where women with 1 or 2 DUIs diverged more markedly from women with none than did similar men. Of the 1559 individuals who were assessed for posttraumatic stress disorder (PTSD; assessed at Phase 2 interview only), 43% endorsed a PTSD-qualifying event (men: 47%, women: 39%). Rates of event endorsement and PTSD were similar across all DUI categories.
Drug use and dependence
Rates of drug use and dependence by DUI category are presented in Table 4 . Individuals with 2 or 3+ DUIs had higher sedative, opiate and "other" drug use and tried a greater number of drugs than those with 1 DUI. Gender differences in drug use were due to lower female than male use.
Women were more likely to become dependent on marijuana and opiates than men, given use of these drugs at least 11 times. Rates of drug dependence did not differ among DUI categories with the exception of marijuana dependence, which was higher among women with 2 or 3+ DUIs.
Discussion
Women with DUIs in this high risk sample evidenced greater physiological and behavioral dependence on alcohol than men with DUIs, and may thus represent a particularly severe alcohol dependence phenotype. Women with multiple DUIs were more likely to report wanting to quit and unsuccessful attempts to quit drinking than men. Thus, despite a desire to quit, women with multiple DUIs had less success with quitting drinking than men. Combined with evidence that fewer women than men are referred to treatment after a first DUI offense (Lapham et al., 2000) , that treatment may not be as effective for female as male offenders, and that women are less likely to complete treatment (Maxwell & Freeman, 2007) , this highlights an opportunity to improve treatment for women with DUIs. Examination of gender differences in alcohol criteria endorsement can potentially improve treatment for women in mandated DUI programs and, more broadly, for women at the severe end of the alcohol dependence spectrum.
Previous work found greater prevalence of alcohol abuse and dependence among male then female first-time DUI offenders ) but higher rates of alcohol dependence among female than male recidivists (Lapham et al., 2006; Laplante et al., 2008 ). In the current study, inspection of individual alcohol criteria revealed evidence of greater severity among female offenders, including those with just one DUI. Female DUI offenders were more likely than males to drink despite negative consequences such as marital, health and emotional problems. Continued use in the context of negative life consequences may be associated with behavioral under control, a trait which might be over-represented among women with DUIs. In a survey of drivers from the general population, women expressed more social and moral inhibitions against drinking and driving than did men (Marelich, Berger, & McKenna, 2000) , which suggests that women who do drive after drinking are not similarly constrained. Behavioral under control might also be associated with the high endorsement of alcohol withdrawal by women with DUIs, since it shares some genetic risk with alcohol dependence (Slutske et al., 2002) , and a related concept, novelty-seeking, is associated with greater familial risk for alcohol dependence (Grucza et al., 2006) . While there is evidence that individuals with histories of DUI or drinking and driving display more impulsivity, risk-taking, sensationseeking, and aggressive behavior than individuals without such histories (Donovan, 1993; Wilson, 1992) , those studies included only small samples of women and did not examine gender differences. Our examination of individual alcohol criteria highlights gender differences among DUI offenders which have not previously emerged.
Our findings stand in contrast to an earlier study of gender differences in alcohol criteria endorsement among alcohol-dependent COGA participants (Schuckit et al., 1998) . While the current study found that women with DUIs endorsed items indicating greater severity more frequently than similar men, the previous study found just the opposite among all alcohol dependent individuals. For example, Schuckit et al. (1998) found that more men than women reported periods of time dominated by drinking, but the current study found that women with multiple DUIs were more likely to report this than men. The same pattern was true for unsuccessful attempts to quit and for items about negative consequences of drinking, such as problems with family or friends. Regarding measures of physiological dependence, the current study found that women with multiple DUIs were more likely to report tolerance to alcohol, withdrawal, and alcohol-related seizures, whereas men endorsed these items more frequently in the earlier study (Schuckit et al., 1998) . These differences indicate that even in a high-risk sample such as COGA, women with histories of DUI represent a severe alcohol dependence phenotype.
Rates of lifetime drug use and dependence among repeat offenders in this sample were higher than the rates in other samples of repeat DUI offenders (Lapham et al., 2006; Laplante et al., 2008) . The differences in prevalence rates between our study and those of previous DUI studies may result from our sample selection of families at high risk for alcohol dependence, which may also have correlated high risks for drug dependence (Kendler, Prescott, Myers, & Neale, 2003) . The individuals recruited from treatment programs for DUI offenders in earlier studies may have had fewer or more varied familial vulnerabilities to substance use disorders. Differences in rates of drug use may also be due to reporting differences. Because individuals in earlier studies were recruited from treatment settings where they'd been referred due to DUI legal problems, they may have been reluctant to report drug use for fear it might add to their existing legal troubles. By contrast, the DUI variable in this study was based on self report rather than arrest records, and individuals may have been more willing to accurately report drug use. This study's finding that more women than men developed dependence on marijuana and opiates is at odds with findings from other DUI samples , including one study reporting no gender differences in rates of drug dependence (Laplante et al., 2008) , and a study reporting higher rates of hallucinogen dependence among males than females (Lapham et al., 2006) . Because those studies did not condition drug dependence on drug use as we did in our analysis, we tested gender differences in our data a second time without conditioning on use and the gender differences remained significant. It is possible that women were more susceptible than men to the numbing effects of marijuana and opiates, given their higher endorsement of continuing to drink despite health and psychological problems.
Overall, rates of psychiatric comorbidity in this sample were higher than in other studies of DUI offenders (Lapham et al., 2006; Lapham et al., 2001; Laplante et al., 2008) , and were consistently high across all DUI categories. Women and men differed in the lifetime prevalence of MDD, CD, and ASPD. In the case of externalizing disorders, it is noteworthy that while men with three or more DUIs had significantly higher rates than men with one or two DUIs, this was not true of women. This suggests that women who commit even a single DUI offense deviate more from women who do not than do men, consistent with a hypothesis of greater behavioral undercontrol among women with DUIs.
This study cannot be interpreted as being representative of all individuals with DUIs or with alcohol dependence, as the study protocol was designed to inform genetic studies and required a certain family size and loading for alcohol diagnoses. The measure for DUI, unlike many studies of DUI populations, is based on self report rather than official documentation. The study also relies on retrospective recall of symptoms for alcohol dependence, psychiatric disorders, and drug use disorders. Nonetheless, it contributes to our understanding of the relationship between DUIs and severe alcohol dependence, and in particular highlights several interesting areas for study among women with DUIs. For example, gender differences in endorsement of behavioral alcohol criteria may indicate areas amenable to psychosocial intervention which may improve treatment outcomes and lower risks for initial or multiple DUIs among women with severe alcohol problems. The gender difference in withdrawal endorsement may indicate areas ripe for gender-specific pharmacological research. In future studies with this population we will examine in detail the time course of alcohol use, psychiatric and drug use disorders in relation to the timing of arrests for DUI.
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